Abstract Spontaneous atlantoaxial dislocation is a rare recognised complication of Down syndrome. In the majority of cases, dislocation takes place in an anteroposterior direction and is often associated with abnormalities of odontoid development or ossification. Rotatory atlantoaxial dislocation is extremely rare in Down syndrome and this is to our knowledge the first reported case in which modern imaging methods have been described; surface shaded reformats derived from a multislice CT scan were of fundamental importance in making the diagnosis.
Background
Spontaneous atlantoaxial dislocation is an uncommon complication of Down syndrome [2] and is much rarer than atlantoaxial subluxation which is a common feature of Down syndrome not thought to predispose to dislocation [4] . Dislocation is almost invariably in an anteroposterior direction and neurological deficit is usual [2] . The current case describes an unusual case of rotatory atlantoaxial dislocation, without neurological deficit, in which the use of surface shaded CT images was immensely helpful in establishing the diagnosis.
Case report
A 5-year-old boy, with Down syndrome presented having awoken with a stiff neck on the day of presentation. There was no apparent history of trauma or recent otolaryngeal inflammation. He had a background of attention deficit hyperactivity disorder and glue ear. Examination revealed that he was holding his neck laterally flexed to the right and rotated to the left. Neurological examination was unremarkable. Any attempt of gentle manual manipulation or traction was resisted by the child.
It was not initially thought that radiographs would be helpful owing to the child's position. CT of the cervical spine was therefore performed (see ''Materials and methods'' and figures for detailed discussion of the findings) and a diagnosis of atlantoaxial rotatory dislocation was made.
The patient was initially treated by Halter traction, which was not successful due to lack of patient understanding and cooperation. He was subsequently placed in halo traction under general anaesthesia and fitted with a halo-vest for 3 weeks. Subsequent radiographs confirmed that normal alignment had been restored at C1/C2. Clinical review 2 months after initial presentation revealed a full range of craniocervical motion. A lateral plain film of the cervical spine and further clinical review were normal at 10 months (Fig. 1 ).
Materials and methods
Computed tomography CT was performed under oral sedation using a 16 slice multidetector CT scanner (Philips MX8000 IDT).
Overlapping 1 mm sections of the craniocervical junction were obtained from which multiplanar (MPR) and surface shaded (SSR) reformats were derived using third party proprietary software (Voxar, Barco NV, Kortrijk, Belgium) running on a standard personal computer-based Picture Archiving and Communication System (PACS) workstation. Interpretation of the conventional axial and multiplanar reformatted images was challenging (Fig. 2a,  b) . However, surface shaded reformats rapidly revealed that there had been complete forward dislocation of the right C1 articular mass in relation to C2 with consequent rotation of about 45°and lateral inclination of the head and C1 in respect to C2 ( Fig. 3 ; Supplementary movie). The anterior and posterior arches of C1 were noted to be bifid and the odontoid process was hypoplastic but remained central in relation to the C1 anterior arch (Fig. 4a, b) ; the transverse ligament was therefore presumed to have remained intact. The foramen magnum and upper cervical canal were not compromised, accounting for the lack of neurological deficit.
Discussion
Acute torticollis is an important presenting symptom which can be associated with serious pathologies such as atlantoaxial dislocation [7] and atlantoaxial rotatory subluxation.
Atlantoaxial dislocation occurs rarely in Down syndrome and is rarer than rotatory subluxation and atlantoaxial subluxation, neither of which are thought to predispose to dislocation. A summary of 38 published case reports [2] showed that trauma was the cause in only six, other precipitating causes including upper respiratory tract infections. In many of these cases, as in our patient, there was no discernible precipitating cause. The vast majority of Downs' patients presenting with anteroposterior atlantoaxial dislocation have an associated neurological deficit due to cord compression [5] . Underlying congenital anomalies of C1 and C2 are common; in one series 12 out of 21 had congenital abnormalities such as ossiculum terminale, os odontoideum or hypoplasia of the odontoid process [6] , predisposing the odontoid process to slip beneath the transverse ligament.
The current case is unusual in that the dislocation was rotatory rather than anteroposterior, as described above. Because the odontoid remained unchanged in position with regard to the anterior arch of the atlas and there was no canal compromise, neurological sequelae were avoided. Rotatory atlantoaxial dislocation is recognised but extremely rare in patients with Down syndrome [10] .
The recommendations for management of atlantoaxial instability in Down syndrome focus on the incompetence of the transverse atlantal ligament. As there are no conservative means of improving or restoring the biomechanical function of the ligament, significant translatory C1/C2 instability is addressed surgically by posterior fusion [8] . The condition in the presented case with isolated rotatory dislocation however, did not indicate biomechanical compromise of the transverse atlantal ligament. It was therefore assumed that repositioning through axial traction might be possible if performed without significant delay. This was achieved under general anaesthesia and maintained after removal of halo fixation. Subsequent radiographic examination ruled out translatory instability indicating maintained transverse atlantal competence.
The diagnosis, which would have been difficult to make by other means, was reached readily using surface shaded CT reformats and is the first reported case of such an unusual presentation described in the literature. The ability in this case to obtain an overview of the relevant anatomical area from multiple viewing angles was of fundamental importance in understanding the nature of the deformity. In the majority of previous case reports, conventional radiographs were relied on for the diagnosis of atlantoaxial dislocation [9] ; this approach would probably have failed in this instance where the atlantoaxial distance remained normal. Conventional sagittal and coronal CT reformats, Fig. 3 A surface shaded image of the occipito-cervical junction viewed from below shows complete rotatory dislocation of the lateral atlantoaxial joints (a). The lack of vertebral canal compromise and bifid anterior arch of C1 can also be appreciated which have been utilised in previous reports [1] , were difficult to interpret as the relevant anatomical areas were displayed on adjacent sections or different viewing planes because of the rotatory nature of the deformity. MRI was also rejected as an initial imaging modality, as the risk of a general anaesthetic in an uncooperative child was considered to be higher than that of the radiation dose. MRI would also have been inferior in demonstrating bony relationships.
A study analysing the application of reformatted CT images in a series of patients presenting with atlantoaxial subluxation showed that surface shaded reformatted 3D images were superior to other reconstructions in demonstration of this injury [3] . Their findings, although in a slightly different group of patients, illustrate the poor sensitivity and specificity of plain film diagnosis and would support the use of CT scanning with surface shaded reformats in patients presenting with acute torticollis.
Rotatory C1/C2 dislocation in Down syndrome should be therefore be distinguished from the more common translatory C1/C2 instability and may be treated conservatively if the transverse atlantal ligament is competent, as was inferred in this case from the position of the dens relative to the anterior arch of the atlas. This CT technique should be considered as a first line of investigation in other children in whom disorders of the craniocervical region are suspected.
